Children suffering nonaccidental trauma (NAT) are at high risk of death. It is unclear whether markers of injury severity for trauma center/system benchmarking such as Injury Severity Score (ISS) adequately characterize this. Our objective was to evaluate mortality prediction of ISS in children with NAT compared with accidental trauma (AT).
C
hildren who are victims of nonaccidental trauma (NAT) suffer high rates of mortality and morbidity compared to other injured children. 1 In 2006, the estimated hospitalization cost alone for NAT patients was US $78.3 million. 2 Given the potential years of productive life lost combined with total societal costs estimated at US $103 billion, NAT is a serious public health problem. 2 Organized trauma systems with the inclusion of specialized pediatric trauma centers have improved outcomes for these patients. [3] [4] [5] Recent focus on research, quality improvement, and trauma center benchmarking have driven performance. 6 Risk adjustment using injury scoring systems have a significant impact across these domains. The most ubiquitous scoring system is the Injury Severity Score (ISS), based on the Abbreviated Injury Scale (AIS). 7 This remains true for injured children evaluated at trauma centers, despite the availability of several pediatric specific trauma scoring systems. [8] [9] [10] It is critical to ensure that benchmarking and quality improvement efforts based on ISS characterization of injury in pediatric trauma patients perform well. Our group and others previously demonstrated the traditional ISS threshold of 15 to define severe injury in pediatric patients overestimated risk, and an ISS threshold of 25 may be a better definition in children. 11 Poor performance in characterization of risk for injured children can result in imprecise benchmarking, poor quality improvement targets, and wasted resources with unnecessary performance review of low-risk cases while potentially missing high-risk patients.
Given the significant mortality risk of NAT patients, it is possible that ISS underestimates the risk of poor outcome in these children. Thus, it remains unclear whether markers of injury severity for trauma center/system benchmarking, such as ISS, adequately characterize risk in this population. Further, head injury appears to be a significant driver of poor outcome in NAT patients and may more important than global ISS. 12 Therefore, our objective was to evaluate ISS and head AIS for the ability to predict mortality in pediatric trauma patients with NAT compared with those with accidental trauma (AT). We hypothesized that ISS would underestimate the risk of mortality for patient with NAT compared with AT, and that head injury would be a more important predictor of mortality in NAT patients.
PATIENTS AND METHODS

Study Population
All pediatric patients younger than 16 years of age in the Pennsylvania state trauma registry between January 1, 2000, and June 30, 2013, were eligible for inclusion. Patients missing age data were excluded. Patients missing complete AIS score data to permit calculation of ISS were also excluded. Finally, patients with any AIS score of 6 that was also coded as surviving to discharge were excluded as AIS misclassification.
Demographics, injury characteristics, vital signs, International Classification of Diseases-9th Rev diagnosis codes, and hospital disposition were collected for each subject. All vital signs for children were age-adjusted, and binary variables were created to indicate whether each vital sign was abnormal or not for the child's age. Because there are likely differences across age groups within the pediatric population, patients were categorized into infant/toddler (age, <2 years), children (age, 2-12 years), and adolescents (age, >12 years) age subgroups based on established standards.
Missing Data
Missing data were assessed for variables to be used in analysis, including sex, mechanism of injury, NAT, and admission systolic blood pressure (SBP), heart rate (HR), and respiratory rate (RR). After application of exclusion criteria, missing data were 1% or less for all analysis variables except for admission SBP at 4.8%. All patients had complete data for age, AIS, and ISS. Thus, given missing data of less than 5%, patients were excluded from analyses for which they were missing observed variables.
Injury Characterization
Injuries were primarily characterized using AIS scores and body region. The Pennsylvania trauma registry allows coding of multiple AIS scores for each patient in eight body regions, including head, face, neck, chest, abdomen, spine, upper extremities, and lower extremities. The maximum AIS score for each of these body regions was identified for each patient. The ISS used for purposes of this study was then calculated as the sum of the squared value for the three highest AIS scores in different body regions.
Nonaccidental trauma patients were identified through a specific variable in the registry that indicated the patient was evaluated and report made concerning child abuse. Additionally, patients with an e-code of 967 were identified as NAT patients.
Statistical Analysis
A logistic regression model was used to obtain the predicted mortality based on ISS separately for NAT and AT patients, and predicted mortality was plotted against the ISS. A subgroup analysis was performed repeating this model stratified across pediatric age groups to evaluate further differences in ISS performance between NAT and AT in infants and toddlers, children, and adolescents.
A multilevel logistic regression was used to evaluate the association between mortality and ISS in pediatric patients after adjusting for age, abnormal admission SBP, HR, and RR, presence of multisystem injury defined as more than one AIS body system injured, and presence of severe head injury, defined as head AIS score greater than 2. A random effect was included for facilities to account for clustering at the center level. The interaction between NAT and ISS was tested with preplanned stratification of the model across NAT and AT patients if the interaction was significant. This allowed estimation of the effect on mortality per point change in ISS in NAT and AT patients separately.
Since head injury is a strong driver of mortality in NAT, 13 a similar multilevel logistic regression model was constructed to evaluate the association between mortality and head AIS. Predicted mortality was estimated at each level of head AIS and compared between NAT and AT patients, as was the effect on mortality per point change in head AIS. The multilevel logistic model was also performed to evaluate the interaction between NAT status and presence of any head injury, defined as head AIS score of 1 or greater, as well as severe head injury. Models were then again stratified if the interaction was positive across NAT status to determine the differential effect of head injury on mortality in NAT and AT patients.
Continuous data are presented as median (interquartile range [IQR]
). Continuous variables were compared using Wilcoxon rank-sum tests, and categorical variables were compared using χ 2 tests. Adjusted odds rations (AOR) with 95% confidence interval [CI] were obtained from regression models. A two-sided p value of 0.05 or less was considered significant. Data analysis was conducted using Stata v13MP (StataCorp, College Station, TX).
Sensitivity Analysis
Given the potential morbidity and years of productive life lost in the pediatric trauma population, a sensitivity analysis was performed using functional status at discharge (FSD) as an alternative outcome. The Pennsylvania trauma registry assesses FSD using a modified Functional Independence Measure score to measure the level of independent functioning in patients 2 years and older across five domains including feeding, locomotion, expression, transfer mobility, and social interaction. Categorical scores include 1 (complete dependence), 2 (modified dependence), 3 (independent with device), or 4 (completely independent) for each domain, giving a total FSD score from 5 to 20. The FSD was dichotomized at 15 to reflect patients that are at least independent with a device across all domains (FSD score, ≥ 15) compared with patients with impaired functional independence in at least one domain (FSD < 15). The models described above were repeated using impaired functional independence (FSD < 15) as the outcome to determine the association with ISS and head AIS. these, 1,866 (3.7%) were identified as NAT patients. Overall, NAT patients were younger and more severely injured with higher unadjusted mortality and impaired functional independence compared with AT patients (Table 1) . More NAT patients were seen at pediatric trauma centers, with an overall NAT rate of 4.9% at pediatric only trauma centers, 3.8% at combined pediatric and adult trauma centers, and 1.3% at adult only trauma centers (p < 0.001).
Predicted mortality plotted against ISS in NAT patients and AT patients demonstrates a similar rate of mortality at an ISS of 25 for AT patients as an ISS of 13 for NAT patients (Fig. 2) . When stratified by pediatric age group, NAT patients in the child age group had the highest mortality at the lowest ISS, followed by NAT patients in the infant and toddler age group (see Figure, Supplemental Digital Content 1, http:// links.lww.com/TA/B91). Patients in the child age group had the greatest disparity in mortality over ISS across NAT and AT patients. A significant interaction was seen between NAT status and ISS (p < 0.001). Multilevel logistic regression demonstrated that for every 1-point increase in ISS, the odds of mortality increased 9% among NAT patients (AOR, 1.09; 95% CI, 1.07-1.12; p < 0.001) compared 14% among AT patients (AOR, 1.14; 95% CI, 1.13-1.15; p < 0.001).
Regression modeling also demonstrated mortality was consistently higher among NAT patients compared with AT patients across head AIS, ranging from 1.2-fold higher for a head AIS of 5, to 5.9-fold higher for a head AIS score of 3 (Fig. 3) . For every one-point increase in head AIS, the odds of mortality increased 78% among NAT patients (AOR, 1.78; 95% CI, 1.25-2.50; p = 0.001) compared with 54% among AT patients (AOR, 1.54; 95% CI, 1.37-1.74; p < 0.001).
A significant interaction between NAT status and presence of any head injury ( p < 0.001) as well as severe head injury ( p < 0.001) was present. When stratifying regression models, no association between mortality and the presence of any head injury was seen among AT patients (AOR, 1.21; 95% CI, 0.95-1.45; p = 0.12), while presence of any head injury was associated with a nearly 3.5-fold increase in odds of mortality among NAT patients (AOR, 3.48; 95% CI, 1.54-8.32; p < 0.001). Severe head injury was associated with a 2.2-fold increase in odds of mortality among AT patients (AOR, 2.23; 95% CI, 1.80-2.87; p < 0.001) compared with a more than 4.4-fold increase among NAT patients (AOR, 4.41; 95% CI, 2.02-9.66; p < 0.01).
In sensitivity analysis, 26,140 patients had a FSD recorded. Predicted impaired functional independence plotted against ISS in NAT patients and AT patients demonstrates a similar rate of impaired functional independence at an ISS of 25 for AT patients as an ISS of 9 for NAT patients (Fig. 4) . Similarly, the rate of impaired functional independence was consistently higher among NAT patients compared with AT patients across head AIS, ranging from 1.8-fold higher for a head AIS of 4, to 2.1-fold higher for a head AIS score of 1 (see Figure 
DISCUSSION
This study demonstrates that ISS underestimates the risk of mortality among NAT children, with consistently higher risk of mortality for a given ISS level compared to children with AT. The associated risk of mortality per point increase in ISS is significantly greater for AT patients than NAT patients, suggesting ISS level may play a less important role in mortality risk adjustment for NAT compared with AT patients.
Similarly, mortality across head AIS was consistently higher among NAT compared with AT patient; however, the per point increase in head AIS was associated with a larger increase in the risk of mortality in NAT compared with AT patients. The presence of any level of head injury was a predictor of mortality in NAT patients, but not AT patients. Severe head injury was associated with double the risk of mortality in NAT compared as in AT patients. Finally, the NAT rate was highest at pediatric trauma centers. This may likely be due at least in part to greater case detection and awareness by providers in these centers. It may also represent an educational opportunity for adult trauma centers that see significant numbers of injured children. When looking at impaired functional independence at discharge, NAT patients again had a significantly higher risk for any given ISS level. Nonaccidental trauma patients also had a twofold higher risk of impaired functional independence across the levels of head AIS.
Thus, these results suggest that traditional injury severity scoring such as the ISS and AIS underestimate the risk of mortality and impaired functional outcome in NAT compared with AT patients. Head injury does appear to be a better predictor of poor outcome than ISS in NAT patients.
Others have similarly demonstrated NAT patients have worse outcomes compared with AT patients, with longer hospital and intensive care unit stays, higher rates of craniotomy and laparotomy, as well as higher mortality and nearly double ISS as a group. 1, 14 However, a number of studies have documented conventional ISS definitions of severe injury (ISS, > 15) perform poorly in predicting outcomes in the pediatric population.
Several authors have evaluated ISS thresholds that maximize sensitivity and specificity for predicting outcomes among injured children, finding thresholds of ISS of 20 or greater, ISS greater than 25, and even ISS of 28 or greater performed best. 10, 11, 15, 16 These studies suggest ISS overestimates the risk of poor outcome in the general pediatric trauma population compared with a conventional ISS threshold of 15 defining severe injury in the adult. This may be due to the resilience of pediatric physiology and low risk of death in single-system injuries among children. The results of the current study demonstrate just the opposite in the NAT population.
There may be several reasons for these findings. First, ISS is driven by AIS. The various body regions of AIS are not weighted, with each given the same significance. However, the risk of death between a severe head injury and extremity injury are not similar. Our results here and others suggest mortality is often driven by head injury in the NAT population. 12 Johnson et al 17 demonstrated NAT head injuries were often associated with apnea leading to cerebral hypoxia and ischemia independent of type of brain injury, and may account for the poor outcome in NAT compared to AT patients at a given severity of head injury seen here. This issue may be further exacerbated in some cases, as a delay in seeking medical attention or failing to disclose the true mechanism of injury by caregivers is common and may lead to increasing secondary brain injury and worse outcomes in the NAT patient with head injury.
Differences in age groups for outcome were also seen. The child age group had the greatest mortality differential. This may be influenced by the developmental neurobiology during this period of life, with head injury leading to more severe derangements and higher risk of death and disability. Children also tend to have more focal brain lesions after NAT than infants, which may impact outcome and requirement for neurosurgical intervention. 18 The differences in outcome across pediatric age groups seen here deserve further exploration in future studies.
Underrecognition of NAT may also play a role in worse outcome for a given level of injury severity. Particularly in younger children, where NAT is most common, the lack of history and reliable examination can make diagnosis of NAT difficult. One study documented that 20% of NAT deaths had a delayed recognition of abuse.
14 Jenny and colleagues 19 evaluated abusive head injury, finding nearly a third were not recognized as NAT, with a delay in diagnosis on average of 7 days. They also found that 40% of unrecognized injuries had complications related to the missed diagnosis, and estimated four of five deaths were potentially preventable with earlier recognition.
This study has several potential implications. The ISS is commonly used in pediatric injury research to stratify and riskadjust injury severity of patients, and is applied uniformly across NAT and AT patients. Thus, NAT status must be accounted for or poor risk-adjustment may result from underestimation of risk in NAT patients. Further, studies that use ISS as inclusion criteria or subgroup analyses must take these findings into account when including NAT patients.
Performance improvement programs frequently use ISS to classify injury severity among injured children. Monitoring of undertriage and overtriage rates for trauma team activation is often based on stratifying patients using an ISS > 15 to denote severely injured patients. 20 This may again underestimate risk in NAT patients, leading to unrecognized undertriage among this population. Performance improvement and case review triggers may need to be modified to capture all relevant cases.
These results may also have implications for risk-adjustment methods used in trauma center benchmarking efforts, such as the Pediatric Trauma Quality Improvement Program. 6 Riskadjustment benchmarking methods should consider NAT status, as well as weighing head injury more heavily than global ISS in these patients. Specific benchmarking in the NAT population may also be beneficial feedback to individual centers and may allow development of best practices for care in this population.
This study has several limitations for consideration. First are those inherent to the retrospective observational design. Further, this is a registry-based study. The data were not specifically collected for this analysis. The outcomes we could examine were limited by this. It is possible that NATwas underreported both in the registry specific variable and utilizing e-codes; however, our prevalence was similar to recently published data. 21 The ISS is mathematically complex with only certain specific values possible as a result of squaring AIS values. Missing data was minimal after application of exclusion criteria and was unlikely to alter our results given the study sample size. The registry only collects data from trauma centers and children not brought to a trauma center in Pennsylvania are not evaluated, potentially leading to underreporting of NAT. Further, it appears that NAT case detection may be lower at adult trauma centers. This could lead to additional potential underreporting of NAT patients in the database; however, most patients were seen at pediatric or combined pediatric/adult trauma center.
Longer-term outcomes and quality of life measures were not available in the registry. We did evaluate FSD as an alternate outcome, also demonstrating underestimation of poor outcome in NAT patients based on ISS. Only 52% of patients had a valid FSD documented; however, this is similar to that in other registry studies of functional outcomes after injury. 22 Further, the FSD is only valid in age 2 years or older, and thus many younger children with high incidence of NAT were not assessed. Other functional outcomes over longer time horizons are important to measure in pediatric trauma, given the potential disability over a lifetime following injury. Finally, this study focuses on ISS given its wide spread adoption and use for pediatric trauma patients; however, other scoring systems may better capture injury severity across AT and NAT.
CONCLUSION
Nonaccidental trauma patients have higher mortality and impaired function at a given ISS and head AIS than AT patients. Conventional ISS thresholds may underestimate risk of death, and head injury is a more important predictor of mortality in the NAT population. These findings should be considered in research applications, as well as system performance improvement and benchmarking efforts that rely on ISS for injury characterization of pediatric trauma patients. 
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